. The aim of the proficiency program was to provide food microbiology laboratories with a means of assessing and demonstrating the reliability of their analytical results. The participation in proficiency testing schemes provides laboratories with a means of comparing their test results with those obtained by other testing laboratories. Furthermore, participation in proficiency testing is now required for a laboratory to be accreditated. Poor performance will encourage a laboratory to review its quality assurance and technical procedures. The program is open to any laboratory; there were 76 participants at the first scheme and there are 440 today, 45 of which are Belgian laboratories. 
Organization of the Proficiency Testing Program
Two testing schemes are performed each year. Participants are required to return results within 3 weeks. Individual reports identified by code are sent to participants within 2 months by the coordinator.
Test Materials, Tests, and Analytical Methods
Five test samples of dried milk are prepared in each testing scheme. The bulk material is artificially inoculated with dried strains of Bacillus spp., Enterococcus spp., Enterobacteriaceae (Enterobacter sp., Serratia sp.), E. coli, S. aureus, C. perfringens, Salmonella, and L. monocytogenes. Test samples are made from this bulk material and are sent to participating laboratories. The stability of test samples is checked to ensure that they are stable during the analysis time frame (2 weeks after delivery). Usually the 5 samples are identically inoculated with the microflora to be enumerated and only some samples are inoculated for pathogen detection. Homogeneity of the artificial inoculation is checked by duplicate enumeration of aerobic microorganisms at 30°C for 10 units of the 5 samples.
The proposed tests in this proficiency program are enumeration of aerobic microorganisms at 30°C, Enterobacteriaceae, total and thermotolerant coliforms, E. coli, C. perfringens, coagulase-positive Staphylococcus, and L. monocytogenes, and detection of Salmonella and L. monocytogenes in 25 g.
Participants may use the analytical method of their choice, details of which are specified by them in a questionnaire.
Performance Assessment of Laboratories
Regarding enumerations, performance assessment of particpants is based on the precision and trueness of their counts. Statistical scores are calculated on logarithm of counts obtained by laboratories to assume a normal distribution of results. The laboratory precision is assessed for aerobic counts at 30°C and for E. coli enumeration. For each of these flora, the following scores are calculated as follows:
where n is the number of inoculated samples (usually 5), σ i 2 is the variance of the log of counts obtained by the i-th laboratory, and σ 2 is the assigned variance of the log of the artificial inoculation.
The laboratory trueness is assessed for enumeration of the aerobic microorganisms at 30°C, Enterobacteriaceae, total and thermotolerant coliforms, E. coli, C. perfringens, coagulase-positive Staphylococcus, and L. monocytogenes. For each of these flora, the following scores are calculated as follows:
where X i is the average log of counts obtained by the i-th laboratory, m is the assigned value for the log of the artificial inoculation, and s is the assigned standard deviation of the average log of the artificial inoculation. By assuming a normal distribution of the logarithm of the contamination, the r-scores should follow a chi-square distribution with n -1 degrees of freedom, and the z-scores should be normally distributed with a mean equal to zero and a unit standard deviation. These assumptions allow calculation of p-values, i.e., probability that a result belongs to the distribution of the whole results. No statistical interpretation is made when initial assumptions are obviously wrong (e.g., bimodal distribution).
Assigned values are a consensus of the results obtained by participants in the test scheme: σ 2 is estimated as the mean of the variances of the log of counts obtained by the laboratories (without outliers, i.e., p < 0.001); m is estimated as the mean of the average log of counts obtained by the participants (without outliers, i.e., p < 0.001); and s is the standard deviation of these average log of counts. In the 2 last schemes (31st and 32nd), the influence of analytical factors (delay between preparation of samples and analysis, revivification temperature and duration, method used, medium used, manufacturer of the medium, incubation temperature and duration) on microbiologi- cal results were studied for each microorganism, and when statistically significant effects were observed, laboratories were grouped according to the concerned factors. In these cases, assigned values were calculated for each group.
The interpretation of p-values is made by participants; however, the coordinator gives the following guidelines: results are satisfactory when the p-value is >0.05, questionable when the p-value is <0.05 and >0.01, and unsatisfactory when the p-value is <0.01. Regarding detection of pathogens, performance of participants is assessed by checking their trueness (i.e., absence of false-positive and false-negative results).
Reporting of Results
Reports issued to participants include information about analytical methods used by the laboratories. Figure 1 shows analytical methods used by the participants for enumeration of total coliforms in the 30th proficiency testing; the number of laboratories using standard methods; media used; the way to prepare media; the number of laboratories making fertility, sterility, and pH checks of the media; and the incubation temperatures and durations used by laboratories. Reports include also individual performance scores together with results obtained by other laboratories (Figures 2 and 3) . Results obtained by participants are presented in histogram form, and the number of laboratories obtaining satisfactory, questionable, and unsatisfactory scores is specified.
Lessons Learned from the Proficiency Testing Program
The proficiency testing program collects valuable information about analytical methods used by participating laboratories and enables assessment of the evolution of the performance of food microbiology laboratories. Since 1991, use of standard and validated alternative methods has increased for the enumeration of aerobic microorganisms at 30°C, Enterobacteriaceae, coliforms, E. coli, C. perfringens, and coagulase-positive Staphylococcus (Figure 4 ) with >96% of laboratories using these standard or validated methods today. At the same time, use of ready-to-use media ( Figure 5 ) and the proportion of laboratories making fertility, sterility, and pH checks of the media used ( Figure 6 ) have increased. These results reflect a growing involvement of food microbiology laboratories in quality assurance programs. Because standard methods for the detection of pathogens (Salmonella and L. monocytogenes) are laborious and time consuming, many laboratories (40%) use validated alternative methods (Figure 7 ). This increasing use of standard and validated methods lead to a standardization of analytical procedures (e.g., media, incubation temperature, duration) and to diversity when different protocols are allowed. For instance, most laboratories use violet red bile lactose agar for coliform enumeration (Figure 8 ), even though Baird Parker and rabbit plasma fibrinogen agars are used for coagulase-positive Staphylococcus enumeration, in almost the same proportions (Figure 9 ).
Finally, we wonder about the impact of this increasing involvement in quality assurance on performance results by laboratories. Regarding the precision of aerobic counts at 30°C (Table 1) , there is no decrease in the percentage of laboratories obtaining questionable or unsatisfactory results. They account for 20-30% of the laboratories since 1989, which suggests that, in spite of the increasing use of standard methods, there is still the same proportion of laboratories with outlying precisions. Regarding the trueness of aerobic counts at 30°C and enumeration of coagulase-positive Staphylococcus (Table 2) , the percentage of questionable and unsatisfactory laboratories is also constant, accounting for approximately 10% of the laboratories. Regarding trueness of the detection of Salmonella, the same conclusions can be drawn (Table 3) . However, the percentage of laboratories obtaining false-positive results is relatively constant while an extremely variable percentage is observed for false-negative results. This phenomenon is linked to the level of the artificial inoculation: when Salmonella is inoculated at low concentrations (1-10 cells/g), the percentage of laboratories obtaining false-negative results increases significantly. 
Conclusions
This retrospective study shows an increasing use of standard and validated analytical methods by laboratories but no decrease in the proportion of outlying laboratories. This observation is partly explained by analytical parameters that have a significant effect on microbiological results. To avoid inaccurate assessment of laboratory performance by using methods that give results significantly different from the others, a systematic statistical analysis to detect analytical factors which induce bias in microbiological results was conducted since the 31st testing scheme. Significant effects of media manufacturer and incubation temperature on microbiological counts were observed. 
